Ascobolus aglaosporus, Ascobolus sacchariferus and Saccobolus obscurus are described and discussed. All author's collections of 19 Ascobolus and 13 Saccobolus so far known from dung in Italy are listed, and each species illustrated by colour photos. Updated keys to coprophilous Ascobolus and Saccobolus species from Italy are provided.
Materials & Methods
The three species new to Italy were obtained from different types of dung cultured in nonaxenic damp chambers, and studied according to Richardson & Watling (1997) and Richardson (2001a) , slightly modified by Doveri (2004) .
Abbreviations: AMB = Herbarium of Bresadola Mycological Association; CLSM = author's personal herbarium; d.c. = damp chamber culture; MCVE = Herbarium of Venetian Civic Museum. Ascomata 0.35-0.45 mm diam., sessile, pulvinate, with a scarcely differentiated margin. Outer surface whitish, smooth. Disc slightly convex, the same colour, violet-dotted at maturity due to the protruding asci. Subhymenium a textura globulosa-angularis of polygonal to roundish cells, 4-5 µm diam., interspaced with some elongated cells. Medullary excipulum and ectal excipulum scarcely differentiated from each other, a textura globulosa-angularis of hyaline to pale yellowish, roundish or polygonal cells, 5-10 × 6-12 µm. Paraphyses exceeding the asci, not embedded in a gelatinous material, simple or often branched at their base, filiform, 2-4 µm diam., septate, containing some hyaline vacuoles, curved, usually slightly enlarged at the apex, sometimes clearly inflated. operculate, weakly amyloid, [100] [101] [102] [103] [104] [105] [106] [107] [108] [109] [110] [111] [112] [113] [114] [115] cylindric-claviform, somewhat flattened at the apices, short-stalked. Ascospores irregularly biseriate at maturity, surrounded by a narrow, ephemeral gelatinous sheath, (13-) 13.5-15 (-16 ) × (7.5-) 8 (-9) µm, ellipsoidal or narrowly ellipsoidal (Q = 1.62-2.00; average Q = 1.74), symmetrical, roundish at the ends, thin-walled, hyaline at first, violet later, finally pale brown, ornamented with dense, usually isolated warts and spines, up to 0.5 µm wide, 0.5-1 µm high.
Taxonomy

Ascobolus aglaosporus
Notes - erected section Heimerlia to accomodate two species, A. aglaosporus and A. candidus J. Schröt., characterised by small, white, pulvinate or lenticular gymnohymenial ascomata (hymenium exposed from the very beginning), with an even margin lacking a growing zone. In this section the excipulum is scarcely developed, paraphyses are not pigmented, asci are elongated and amyloid, ascospores are symmetrical, ellipsoidal, usually echinulate or warted.
A. candidus differs from A. aglaosporus in having smooth and smaller (11-13 × 6-8 µm) ascospores (Schroeter 1893 . According to A. candidus ss. Seaver (1928) is A. aglaosporus.
Figs 5-10 -Ascobolus aglaosporus. [5] [6] Ascospores in dfferent stages of maturity (6 = in Melzer) . 7-10 (Melzer) Ascospores inside asci in four different focuses. -Bars 5-6 = 10 µm. 7-10 = 5 µm.
Ascospores of our collection of A. aglaosporus from fallow deer dung are somewhat smaller than those described in the protologue (Heimerl 1889) from deer dung, and also smaller than those described by others ( , Raitviir & Prokhorov 1988 , Prokhorov & Raitviir 1991 , Valldosera & Guarro 1992 ) from domestic (horse, goat, rabbit, sheep) or wild (bison, ibex, deer) herbivore dung. Most collections of A. aglaosporus in North America (Parker 1979) are from horse (50%) and deer (25%) dung, minor percentages from cow, rabbit and sheep. Brumm., Persoonia suppl. vol. 1: 122 1967 . Figs 11-13 -Ascobolus sacchariferus. Ascomata on dung. -Bars = 500 µm.
Ascobolus sacchariferus
Material examined -Italy, Veneto, Venice, Caroman, 0 m a.s.l., about fifty supericial, gregarious specimens on peewit gull (Larus sp.) dung in d.c., 18 Apr 2010, L. Levorato, CLSM 004.11. Ascomata 0.75-1.25 mm diam., sessile, subglobose to hemispherical in the early stages, obconical later, finally almost flattened, with a distinct, narrow margin. Outer surface dirty white, finely granulose. Hymenial surface plane or slightly concave, the same colour, violet-dotted at maturity due to the protruding asci. Subhymenium a textura angularis of polygonal to cylindrical cells, 2.5-5 µm diam. Medullary excipulum a textura globulosa-angularis, formed of roundish or polygonal cells, 6-9 µm diam., mixed with broadly ellipsoidal hyphae, constricted at the septa. Ectal excipulum a textura prismatica in the upper portion of the receptacle, formed of more or less cylindrical cells, parallel to the margin, a textura globulosa-angularis of hyaline, roundish or polygonal cells, 12-30 × 10-27 µm, in the lower portion. Marginal cells vertical, cylindrical, with rounded apices. Numerous septate, wavy, hyphoid hairs, up to 4 µm diam., arise from the base of apothecia. Paraphyses exceeding the asci, embedded in a thin, hyaline gelatinous material, simple or often branched at some level, filiform, 2-2.5 µm diam., septate, containing some hyaline vacuoles, curved, sometimes inflated up to 8 µm diam. or diverticulate at the tips, enlarged at their bases up to 7 µm. operculate, weakly amyloid, , somewhat flattened at the apices, fairly long-stalked. Ascospores biseriate at maturity, covered with a unilateral gelatinous sheath, 18-19 (-20) × 8.5-9.5 µm, narrowly ellipsoidal (Q = 1.94-2.37; Q = 2.10), symmetrical, roundish at the ends, thick-walled, hyaline at first, becoming violet, finally purple, with an episporium ornamented with numerous, thin, longitudinal cracks, which sometimes anastomose.
Notes -In sect. Ascobolus ss. (cleistohymenial, quite early opening, often finally flattened ascomata, with cylindric-clavate asci and usually striate or warted ascospores), A. sacchariferus is defined by white, furfuraceous receptacles with a well developed margin, and ellipsoidal ascospores with longitudinal, anastomosing crevices ( . It is a fairly common species, particularly in north temperate areas (Richardson 2007) , and I have found 46 records worldwide, particularly (80%) from wild herbivore dung (Eckblad 1968 , Minoura et al. 1978 , Ghadge & Patil 1988 , Prokhorov 1989 , Kutorga 2000 , Richardson 2008 ), mostly (52%) from cervine pellets (Paulsen & Dissing 1979 , Jahn 1997 , Richardson 1998 ), but also from several domestic herbivore dung (Moravec 1970 , Aas 1978a , Prokhorov 1989 , and mine from bird droppings. Based on a collection from deer dung, Moravec (1970) erected A. sacchariferus f. roseogriseus, which differs from the type form only in having grey-ochraceous ascomata with a pale pink disc. The same form, from the same substrate, was also recorded by Paulsen & Dissing (1979) .
A. sacchariferus f. sacchariferus is similar to two other white species in the same section, A. brantophilus Dissing and A. albidus, but both have smooth receptacles with an undefined margin and somewhat larger ascospores, besides A. brantophilus has ascospores with very few longitudinal crevices and always has been recorded from high latitude areas and goose dung (Dissing 1989 , Richardson 2004 , 2007 . A. albidus also differs from A. sacchariferus in having ascospores with occasionally anastomosing crevices, and a wider choice of substrate: it is a very common, widespread species, particularly in north temperate areas , Richardson 2007 , where colonises most wild and domestic herbivore dungs, rarely carnivore dung. We have found 169 records worldwide, mine from Italy included, 24% from horse (Svrček 1959 , Julich 1968 , Bednarczyk 1974 , Raitviir & Prokhorov 1988 , Jahn 1997 , Richardson 2011 , 24% from cervine (20% roe deer) (Svrček 1957 , Paulsen & Dissing 1979 , Caillet & Moyne 1982 , Prokhorov 1989 , Moyne & Petit 2007 , Richardson 2008 , 17% from sheep (Lohmeyer 1995; Richardson 2004 Richardson , 2005 Richardson , 2011 De Meulder 2007) , 12% from leporid (hare and rabbit) (Marchal 1895 , Barrasa Gonzales 1985 , Richardson 2005 , 8% from cattle dung (Crouan & Crouan 1858 , Velenovský 1934 , Svrček 1962 , Eckblad 1968 , Ranalli & Cinto 1972 , De Meulder 2000 , and minor percentages from other types of dung. These results fully match Richardson (2007) . (Cooke) Apothecia 200-300 µm diam., sessile, pulvinate, finally discoidal, membranous, smooth, pale brown. Disc slightly paler, dark dotted due to the protruding asci. Margin undifferentiated. Subhymenium and medullary excipulum scarcely differentiated from the ectal excipulum, with paler hyphae. Ectal excipulum a textura intricata (globulosa at small intervals), formed of elongated cells, 3-5 µm diam., swelling sometimes up to 9 µm diam. and smeared with an intercellular purple-brown to brown pigment. Some elongated cells, with globose or claviform ends, similar to the paraphyses, but with thicker walls, are observable at the margin. Paraphyses cylindricfiliform, septate, often branched at the base, sometimes diverticulate, exceeding the asci, often curved at the apex, 1.5-2.5 µm diam., inflated up to 3.5 µm at the tips. Asci ephemeral, 100-110 × 18-24 µm, 8-spored, diffusely amyloid, operculate, clavate, thick-walled, rounded to slightly flattened at the apex, with a fairly long, lobate stalk. Ascospores (12-) 12.5-13 (-13.5) × 7-8 µm (ornamentations excluded), ellipsoidal or ovoidal to broadly fusiform (Q = 1.50-1.85; Q = 1.67), sometimes slightly inequilateral, usually with subacute, somewhat rounded ends, hyaline and thickwalled in the early stages, becoming violet, finally purple-brown, ornamented with short, sometimes merging warts, 0.5-2 µm diam., crowded inside the ascus, firmly cemented and arranged in clusters (24-30 × 13-15 µm) according to van Brummelen's pattern II. Clusters becoming longitudinally contracted with ascospores disposed according to pattern IIIa. Gelatinous perisporium not observed.
Saccobolus obscurus
Notes -In sect. Eriobolus Sacc. (ascomata whitish or pigmented but never yellow, excipulum often with an intercellular pigment, paraphyses not containing yellow pigments, ascospores differently disposed from van Brummelen's pattern I), S. obscurus is characterised by brownish, pulvinate to discoidal ascomata, excipulum with a purple-brown intercellular pigment, warted ascospores firmly attached to each other and arranged in clusters according to van Brummelen's pattern II, spore clusters contracting at maturity. The spore size of my first Italian collection of S. obscurus (CLSM 005.12) fully matches the protologue (Cooke 1876) but is somewhat smaller than that reported by after examining the type material (Cooke 1876) and some old European and extraeuropean collections. The spore shape of my collection is also very similar to that described by Heimerl (1889) and Korf & Zhuang (1991) , or drawn by . On this basis we conceive S. obscurus as a taxon with ovoidal or ellipsoidal to broadly fusiform (average length/width ratio < 1.70), sometimes only slightly inequilateral ascospores, quite different to the ascospores of several European (Larsen 1970 , Aas 1978a , Dennis 1981 , Barrasa Gonzales 1985 , van Vooren & Meyer 2010 and Asian (Raitviir & Prokhorov 1988 ) collections, which were described and/or drawn as elongated and inequilateral. According to the protologue ( , and in my experience, comparatively narrower (a larger length/width ratio) and more inequilateral ascospores are typical of S. verrucisporus Brumm., which also differs from S. obscurus in having smaller, whitish, cylindrical or subglobose ascomata, a pale violet intercellular pigment, and spore clusters not contracting at maturity. Like van , I have noticed in S. obscurus an episporium resembling S. verrucisporus, i.e. with both fine and coarse warts, and spore clusters without gelatinous sheaths. Others (Larsen 1970 , Barrasa Gonzales 1985 , Raitviir & Prokhorov 1988 , on the contrary, described S. obscurus with spore clusters having one unilateral or two polar sheaths, and only fine spore warts (van Vooren & Meyer 2010) , the latter stated to be quite different (Dissing et al. 2000) from the coarse warts of S. verrucisporus . The second Italian collection of S. obscurus (CLSM 005.12 bis) has an excipulum with slightly paler intercellular pigments, and somewhat longer ascospores (up to 16 µm, 14.5 µm on average) with more isolated and finer warts and an unilateral gelatinous sheath.
Also other species in sect. Eriobolus have warted ascospores, but S. tuberculatus Aas has cylindric and whitish ascomata with a pale rose intercellular pigment, and spore clusters not contracted at maturity (Aas 1978b) , S. thaxteri Brumm. has somewhat smaller ascospores than S. obscurus and no excipular or hymenial pigment, and S. pampeanus Dokm., in my opinion the closest relative to S. obscurus, has an excipulum of textura globulosa-angularis and spore clusters not contracting at maturity (Dokmetzian et al. 1986) .
S. obscurus is fairly infrequent but widespread. It has been recorded both from vegetable material (Cooke 1876 , Larsen 1970 , Dennis 1981 van Vooren & Meyer 2010 and dung of several herbivores, occasionally of omnivores (Heimerl 1889). All the other species in this group are exclusively coprophilous. In my experience S. verrucisporus has a lower substrate tolerance than S. obscurus, as my Italian collections are usually from cervine droppings (91%), with a 23% frequency on this type of dung in culture (Doveri 2011) . Records from deer dung ( , Larsen 1970 , Häffner 1986 , Richardson 2001b ) are prevalent (28%) elsewhere, but the frequency is lower than in Italy. S. thaxteri has been recorded from goat, squirrel ( and rabbit (Otani & Kanzawa 1970 , Piontelli et al. 2006 ) dung, S. pampeanus from horse (Dokmetzian et al. 1986 , Ranalli & Mercuri 1995 , S. tuberculatus from sheep, but the real substrate choice of the last three species cannot be stated for now, as they are infrequent and rarely reported.
Update on collections of coprophilous species from Italy (for synonyms, see Doveri 2004) 
Ascobolus aglaosporus
Figs 1-10 Material examined -1) LIVORNO, Quercianella, 50 m, three supericial, gregarious specimens on fallow deer dung in d.c., F. Doveri, 22.11.12, TOTAL 139: sheep 39; cattle 25; horse 23; roe deer 11; goat 7; hare 7; rock goat 5; donkey 3; marmot 3; rabbit 3; wild pig 3; deer 2; fallow deer 2; fox 2; bird 1; chamois 1; mouflon 1; wolf 1. Brumm., Persoonia, suppl. 1: 120, 1967 . Doveri, 25.3.11, Material examined -PISA, Monteverdi Marittimo, Allumiere farm, 200 m, six scattered, superficial specimens, on rabbit dung in d.c., F. Doveri, 25.3.11, Doveri, 25.3.11, 306.4 
Ascobolus lineolatus
Saccobolus obscurus
Figs 21-25 TOTAL 3: fallow deer 1; sheep 1; wild rabbit 1.
Saccobolus saccoboloides (Seaver) Brumm., Persoonia suppl. 1: 168, 1967 . 
